Introduction
The epidemic of childhood obesity is well documented 1 and presents a major health issue given its adverse medical, 2 psychosocial, 3 and economic consequences. 4 To develop effective interventions, it is important to better understand the factors that increase risk for overweight and obesity in youth. The American Dietetics Association (ADA) recently published a detailed evidence analyses on dietary and physical activity (PA) variables that may predispose youth to overweight and obesity. 5 On the energy expenditure side of the energy balance equation, the review concluded that PA and inactivity (assessed by television viewingFTV) were both associated with increased adiposity. The evidence analysis process 5 considers the quality, consistency, quantity, clinical impact and generalizability of the available literature and uses an established five-point rating system 6 to grade the quality of the evidence in a given area (Grade I ¼ strong, Grade II ¼ fair, Grade III ¼ weak, Grade IV ¼ expert opinion only, Grade V ¼ not assignable) (Details of the ADA Evidence Analyses process are available at Joint Commission Resources: 'A Practical Approach to Evidence Grading.' Jt Comm J Qual Improv 2000; 26: 700-712.) The evidence for both PA and TV were Grade II. These ratings (based largely on some large nationally representative longitudinal studies) support the contention that PA and inactivity are important determinants to an increased risk of overweight. Although the independent associations between PA and overweight or TV and overweight are now fairly well established, there is limited information on the combined influence of PA and TV on the risk of overweight in youth. Some research has demonstrated a significant relationship between PA and TV, 7 suggesting that the risks may co-vary; however, the two behaviors are still largely independent. 8 Children who obtain sufficient PA may also watch large amounts of TV and, conversely, children reporting low PA may report low levels of TV. The combined risks associated with low levels of PA and high levels of TV would clearly present the greatest risk but little is known about the interactions between the two behaviors. It is possible that excessive TV may diminish the benefits associated with PA; however, it is also possible for the risk of overweight to be attenuated in youth with high amounts of both TV viewing and PA. Therefore, the purpose of this study was to examine the combined influence of PA and TV on the risk of overweight in a large nationally representative sample of 14-to 18-year-old US youth participating in the Youth Risk Behavior Survey (YRBS). The results from this study will provide a better understanding of complex inter-relationships between PA and TV on the risk of overweight among adolescence, which may be useful in designing targeted obesity prevention strategies.
Research methods and procedures
Design and subjects Study participants were enrolled in the 2001 YRBS. The YRBS is an epidemiological surveillance system established by the Centers for Disease Control and Prevention to monitor the prevalence of health-related behaviors in US youth. The survey design included a three-stage cluster sampling procedure designed to produce a nationally representative sample. 9 The first stage included large counties or groups of smaller, adjacent counties. The second stage included schools and the third consisted of classes. Schools with substantial numbers of black and Hispanic students were sampled at relatively higher rates than all other schools. All students in selected classes were eligible to participate. In addition, a small number of primary sampling units (that is, counties with very large enrollment) that were selected with certainty were recoded as their own strata. The sampled schools within the strata created from 'certainty primary sampling units' were then treated as primary sampling units within those strata. The survey procedures were designed to protect student privacy and allow for anonymous participation. Trained data collectors administered the questionnaire in students' regular classroom and students recorded responses on computer scannable answer sheets. Parental consent was obtained prior to survey administration. The 2001 YRBS consisted of 95 items and had an overall response rate of 63%. 7 The school response rate was 75% and the student response rate was 83%. All totaled, 13 601 questionnaires were completed in 150 schools. In this study, data were analyzed for 12 464 14-to 18-year-old boys and girls. We chose not to include 12-and 13-year olds due to inadequate sample size. Racial groups included white, black and Hispanic. The remainder of the ethnic groups (Native Americans and Pacific Islanders) was included in a single group (Other) due to small sample size within each ethnic group (Please see Centers for Disease Control and Prevention documentation 9 for more detailed information on the YRBS).
Measures and procedures
Two PA variables (moderate PA (MPA) and vigorous PA (VPA)) and TV were used as independent variables to predict the odds of combined overweight/obesity (the term overweight will be used hereafter to represent the combined status of overweight and obese). MPA was determined by the question, 'On how many of the past 7 days did you participate in PA for at least 30 min that did not make you sweat or breathe hard, such as fast walking, slow bicycling, skating, pushing a lawn mower or mopping floors?' VPA was determined by the question, 'On how many of the past 7 days did you exercise or participate in PA for at least 20 min that made you sweat or breathe hard, such as basketball, soccer, running, swimming laps, fast bicycling, fast dancing or similar aerobic activities?' TV was determined by the question, 'On an average school day, how many hours do you watch TV?' The YRBS has been shown to have acceptable reliability in measuring health-related behaviors in adolescents 10 and the MPA and VPA questions show modest reliability and validity in middle school and high school youth. 11, 12 The independent variables (MPA, VPA and TV) were each recoded into three categories (Table 1) and cross-tabulated into nine TV/PA groups as outlined in Table 2 . The body mass index (BMI, kg m
À2
) was derived from selfreported height and weight. Self-reported height and weight (body mass) are generally accepted as valid, reliable, costeffective and logistically attractive alternatives to direct measurement in large-scale epidemiological studies. Physical activity, TV and obesity JC Eisenmann et al
However, self-report should be adjusted for over-and underestimation, as adolescents and adults generally overestimate stature and underestimate body mass. Hence, the selfreported height and weight of each subject were adjusted using age-sex-race-specific equations developed for adolescents in a comprehensive study of nutrition and obesity in adolescents from Minneapolis and St Paul schools. 14 A dichotomous variable of normal weight and overweight was determined based on age-and sex-specific reference values developed by the International Obesity Task Force. 15 
Statistical analysis
Prevalence rates were calculated by sex. Logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals for risk of overweight, while controlling for age and ethnicity. All parameter estimates were obtained using SUDAAN software package, since it uses Taylor series linearization to adjust for the complex survey sample design characteristics of YRBS.
Results
Descriptive statistics for physical characteristics and the estimated prevalence rates of overweight and obesity, participation in MPA and VPA, and TV are shown in Table 1 . The mean adjusted height for males and females approximates the 50th percentile of US/Centers for Disease Control and Prevention growth charts. 16 In males, the mean adjusted weight is slightly higher than the 75th percentile and the BMI approximates the 85th percentile. In females, the mean adjusted weight and BMI approximate the 75th percentile. Overall, 34.8% were classified as overweight or obese, 56.3% reported participating in 2 or fewer days per week of MPA, while 35.4% reported participating in 2 or fewer days per week of VPA. Approximately 25% of the population reported watching TV more than 4 h per day.
Complete information for the logistic regression analysis are shown in Table 2 and the ORs for VPA and overweight in females are also presented in Figure 1 to facilitate visual interpretation of the results. Boys and girls watching low levels of TV did not have increased odds of overweight regardless of PA level with the exception of girls with low TV/ low VPA (OR ¼ 1.48). Boys and girls who watched moderate and high levels of TV had increased point estimates of overweight at any level of MPA, although the only significant ORs were those for high TV/low MPA in boys, and moderate TV/moderate MPA, high TV/moderate MPA and high TV/low MPA in girls. This pattern was also evident in girls for VPA, but not in boys. In girls, the odds of overweight increased in a graded manner across PA levels for both the moderate and high levels of TV. Girls engaging in 6-7 days of VPA along with those with moderate VPA/low TV showed the lowest ORs compared to other VPA/TV groups. Girls with high TV/low MPA (OR ¼ 2.03) and high TV/low VPA (OR ¼ 3.11) had the highest odds of overweight. Conversely, girls with low TV/ moderate MPA had the lowest odds of overweight (OR ¼ 0.60). In general, most of the associations were stronger in girls compared to boys. The only significant finding in boys revealed a 49% increase in odds of overweight in the high TV/ low MPA group (OR ¼ 1.49). In general, most of the associations were stronger in girls compared to boys. Physical activity, TV and obesity JC Eisenmann et al
Discussion
The unique analytic strategy used herein provides a novel perspective into two common risk factors (PA and TV) of childhood overweight. The results highlight the complex relationships between PA, TV and overweight among adolescents. For example, boys and girls reporting p1 h of TV per day were not at an increased risk of overweight regardless of the level of MPA. In contrast, there appears to be a graded association between level of MPA and risk of overweight among adolescents who watch X4 h of TV per day. Another important finding here is that the associations appear to be stronger in females compared to males.
The descriptive results indicating gender differences in moderate and VPA during adolescents are well known. 17 In general, adolescent males show greater levels of habitual PA compared to females. It is also important to note that several longitudinal studies have shown that the level of PA decreases during adolescence in both males and females with the decrease being more rapid in females. 18 The reasons for the sex differences in PA during adolescence may be due to psychosocial factors (for example, lack of interest, peer attitudes, behavior, and so on), changes in body composition, sexual maturity status or opportunity for sport. 19 In the current study, a greater percentage of males participated in 6-7 days of moderate or VPA, with the difference in the percentage between sexes being greater for VPA. Other studies using objective measures of PA also report this type of pattern regarding sex differences in PA. For example, Trost et al. 20 showed that the sex difference in moderate to VPA was 11%, whereas it was 45% for VPA. In contrast to the patterns in PA, a greater percentage of males watched 4 or more hours of TV per day compared to females; however, differences were not large. Other studies have shown that sex is not a significant predictor of TV in youth. 21 A few important points to be mentioned here and to be discussed later are that (1) PA and TV are not highly correlated 22 and (2) the relationships between PA and TV with overweight vary and thus may explain some of the results between males and females. As previously mentioned, the independent associations between PA and TV on risk of overweight have been extensively studied. Several large US and international epidemiological studies indicate that either MPA or VPA is related to the BMI and overweight status in children and adolescents; 7, 23, 24 and even stronger associations have been observed between TV viewing and overweight in children and adolescents. 7, 23, 25, 26 For example, using data from the 1999 YRBS, we previously showed a 25% increased risk of overweight among less active adolescents compared to more active adolescents, whereas there was a 40% reduced risk of overweight for males and females who reported less than 1 h of TV compared to those who watched 4 or more hours of TV. 7 In a longitudinal study, Berkey et al. 27, 28 found that although PA and TV were both significant predictors of change in BMI, TV had a larger impact on change in BMI than PA. The stronger effects for TV have generally been attributed to the dual effects of reducing energy expenditure and increasing energy intake (that is, by increasing consumption of calorically dense food while watching TV). 29 However, the measurement of PA needs to be considered. A recent meta-analysis suggests that the magnitude of the relationship between PA and adiposity depends on sensitivity/specificity of the instrument used to measure of PA. 30 This may likely be a factor within the current study as PA was assessed by a single-item, self-report question. The measure of 'dose' for PA was days per week, a less sensitive measure than that used for TV (hours per day).
The unique contribution of this study to the child obesity literature was the examination of the potential combined effects of PA and TV on the risk of overweight. This was accomplished by cross-tabulating subjects into one of nine PA/TV groups. To our knowledge, only the study by Anderson et al. 23 has considered this approach using PA and TV. In their study, the adjusted BMI and trunk skinfolds (sum of subscapular and suprailiac skinfolds) were shown across groups but they did not examine the association with logistic regression. Using multivariate analyses, they did not find a significant interaction between PA and TV. In the present study, we observed some clear evidence of interactions between these variables. For example, it appears that among adolescents who watch p1 h of TV per day, there is no influence of PA on the risk of overweight, except for girls who engage in p2 days of VPA (OR ¼ 3.11). Among boys, the only significant OR was found in the high TV/low MPA group (OR ¼ 1.49). However, it is also apparent from the point estimates that boys who watch X4 h of TV per day have an increased risk (20-40%) of overweight regardless of time spent in moderate or VPA. One potential reason for this null observation is that increased PA can influence lean body mass in adolescent males, 31, 32 which may lead to weight status misclassification. The findings were more pronounced in females. We observed increased odds of overweight in the moderate and high TV groups, but a graded relationship was evident across the levels of VPA within a level of TV. Thus, it appears that PA plays an important role in maintaining body weight in girls who watch X2 h of TV per day. Not surprisingly, the highest ORs were among those with low levels of PA and high amounts of TV. These results may have important implications for designing more effective targeted obesity prevention strategies. Purportedly, there is enough time for youth to engage in TV viewing and adequate amounts of PA; 8 however, these results suggest that PA is critical for reducing the negative effects of excessive TV. The study also highlights the importance of minimizing inactivity to reduce the risk of overweight. For example, specific interventions focused toward girls may be most effective if the intervention includes both TV reduction strategies and strategies to increase PA, whereas for boys, strategies to increase PA may be sufficient to reduce the risk for overweight. While Physical activity, TV and obesity JC Eisenmann et al previous research has shown significant associations between TV and overweight, this is the first study to demonstrate that low levels of TV viewing (less than an hour a day) reduce the risk of overweight and obesity regardless of PA level. Although tracking of TV viewing from adolescence to adulthood has not been studied, strategies to decrease TV viewing among girls who are less active may be critical. There is growing evidence that TV viewing among adult women is positively associated with risk of obesity, type 2 diabetes mellitus and glycemic measures, independent of PA and adiposity measures. 33, 34 Weaker associations between TV viewing and abnormal glucose metabolism have been found among adult males. 35 The determinants of sedentary behavior, including TV viewing, is unclear and future research should be focused in this area.
There are several limitations in the design and measures that should be considered when interpreting the results. First of all, it is important to consider the inherent challenges associated with measuring PA and TV in youth. 36 In general, validation studies of self-reported PA are limited but indicate modest validity. 37 Studies using the YRBS PA questions or related items also show modest reliability and validity in middle school and high school youth.
11,12
The most significant effect of measurement error is the attenuation of statistical measures of effect. With increased noise in the data, there is a reduced ability to identify the true associations between the behaviors and the outcomes. If measures could be obtained with more precision, it is likely that the associations would have been stronger. The use of self-reported height and weight could also be a limitation; however, we addressed this by adjusting selfreported height and weight prior to calculating the BMI based on correction factors developed from age-sex-racespecific equations. Another limitation of the BMI that may have influenced the results in males is that it does not partition body composition during growth. 38 Finally, this is a cross-sectional study and thus cause-effect association cannot be inferred. Prospective cohort and experimental studies are warranted to study this relationship in more detail.
In conclusion, the results of this study extend our understanding of the relationships between PA, TV and overweight in male and female adolescents. More specifically, the results highlight the complex relationships between PA and TV and gender and the importance of considering both PA and TV when examining the weight status of adolescents. Because it is clear that PA and TV present both independent and interactive effects, it is important to capture measures of both PA and physical inactivity (or sedentary behaviors) in epidemiological and clinical research, which examine the risks of overweight and obesity in youth. To better understand these associations, it would be important to replicate these findings using different samples and different measures. Additional work is also needed to better understand and characterize the possible gender differences in these relationships.
